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INTRODUCTION
In a series of publications, K. K. Jones and collaborators described a new
method for quantitative determination of the lipids on the skin surface (1, 2, 3,
4, 5). The same authors presented a number of important new findings obtained
with this method (3, 5).
The method is based 1) on the assumption that there is relative constancy of
the proportion and nature of the fatty acids contained in skin surface fat—and 2)
on the principle established by Langmuir that water insoluble fatty acids on an
aqueous surface form a film which is one molecule in thickness, the carboxyl
groups extending into the water. Independently of the number of carbons in the
molecule, each fatty acid molecule occupies an area of about 20.5 square A units.
Therefore, the surface area of the film increases and decreases with the number
of fatty acid molecules present. A lipid film of this kind will displace a hydro-
carbon film on a watery surface. Jones and collaborators utilized this effect by
spreading oxidized heavy mineral oil on the surface of water, thus producing a
standard film of "piston oil" and by then placing a drop of skin lipid solution
in petrol ether on that film; after the ether has evaporated, the remainder of the
sample displaces the piston oil film to an extent which they regarded as essen-
tially a function of the fatty acid concentration of the sample. The area of dis-
placement was measured.
$everal reasons prompted us to reproduce this method of Jones, et.al.Outstanding among
these were the high degree of accuracy which Jones and his co-workers attributed to the
method, the relative rapidity with which the results could be obtained, and in particular
the fact that only minute lipid quantities were required for the determination. All of these
advantages appeared invaluable for the purpose of serial investigations or of other assays
whenever only traces of the lipid material are available. In addition to these technical
features of promise, the method seemed to afford an opportunity to confirm, amplify, or
refute, pertinent observations made by previous investigators of the lipids on the skin.
Unqualified confirmation, for example, of the observations and comments made by Jones
and collaborators would be at variance with the statement of other investigators that
considerable individual differences exist in the fatty acid concentration of the lipid film
(6,7,8).
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Lastly, one of the most intriguing features of Jones' approach was the immediate visuali-
zation of the spreading ability of the skin surface lipids on water, a function of fundamental
usefulness for the study and understanding of the physiologic interrelationship between
these lipids and the sweat. A close interrelationship was demonstrated by Jones himself
and his group (3) and evidenced also in our own previous studies (9, 10, 11, 12, 13, 14, 15).
In the present communication we shall report on results obtained with lipid
samples from healthy skin by means of the "monomolecular layer" method and,
in particular, on the relationship between the size of the area of spread obtained
with this method and the quantity of lipid as measured gravimetricaliy—"casual
level" of ether-soluble substances (Herrmann, Prose and Sulzberger, 10, 11, 12,
13, 14).
A. MATERIALS, METHOD AND PROCEDURE
Solvents
Ethyl ether, "purified for fat extraction".
Petroleum ether, "reagent grade".
Piston Oil
Hyvac oil, Cenco; obtained from Central Scientific Company, New York, N. Y.
After numerous trials, the following way of preparing the oil was found to be most suit-
able for our assays: a wide beaker (250 ml.) was filled with the oil to a level of about 14".
The oil was then heated in a sand bath for a total period of 65 hours, at a temperature be-
tween 185° and 200° C.
Collection and Division of Samples
The ether-soluble material ("lipids") was collected from the selected areas of the skin
surface in a manner similar to that employed by F. Herrmann and P. H. Prose (10, 11, 12)
and by K. K. Jones, M. C. Spencer, and S. A. Sanchez (3). A special kind of glass "cylinder",
composed of a stem-shaped and of a wider, hemispherical part, was with its wider opening
placed firmly on the skin surface, covering an area of 10 cm.2 on forehead and temporal
areas, and of 20 cm.' in all other test regions. Volumes of five, three, and two ml. of fat-free
ethyl ether were successively pipetted unto the skin surface and left in the hemisphere for
30 seconds each. All three of the samples were transferred with one and the same pipette
into a 10 ml. volumetric fiask.t
The flasks containing the collections were placed on a thermostatically controlled elec-
tric heating unit, where at 40° C the ether slowly evaporated. (At the beginning of this
study, the dry residue had then been weighed in the flasks to allow "double-check weigh-
ing".)
f In order to amend an erroneous and misleading remark made in our first report on
ether-soluble substances on the skin (10)—and to concede at the same time in this point
to Hodgson-Jones (22), we wish to state that we as well advocatefiltering of the ether collec-
tions from the skin. Since the beginning of our studies we did filter, but not without com-
paring at the same time the weight obtained with that of an unfiltered part of the same
sample. Actually, within the limits of error, both weights were equal throughout the earlier
period of our investigations, and were so subsequently for an overwhelming majority of
the samples. No difference was obtained with any clearly transparent collection; and even
a number of turbid specimens failed to show a heavier residue of the unfiltered, than of the
filtered portion. In most of the instances where there was heavy cloudiness and a difference
in weight, it was very difficult to ascertain the actual weight because of technical handicaps,
such as the need to rinse with ether the remnant on the (glass-fritted) filter an indefinite
number of times. Thus far, we have been inclined to disregard the result obtained with
such samples.
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Under careful agitation and warming the residue was re-dissolved in 10 ml. of fat-free
petrol ether. As a result of numerous preliminary trials and modifications, we found it most
expedient to transfer a given aliquot (five ml.) of the solution from the measuring flask into
a weighed aluminum foil dish—which allowed for evaporation of the solvent (at 40° C) and
for weighing of the residue, i.e. for determination of the "casual level" of ether-soluble
material on the skin area under test. The solution remaining in the 10 ml. flask was used for
the "spreading"—or "monomolecular layer" method.
Measurement of Spread
The standard "piston oil" film was produced on the surface of distilled water in a "paraf-
fin-coated", rectangular (trough-shaped) glass dish, 13k" x 8l" x 2". This trough was
placed into another rectangular (enamel) dish, 16k" x 11" x 2k", which was likewise filled
with parraffin—M.P. 56° C. While this paraffin was still liquid, the glass trough was im-
mersed. After solidification, the paraffin in the outer dish had a height of 1.75", whereas the
paraffin surface inside the first and smaller glass trough reached a level not deeper than
0.75 cm. below the paraffin-coated rim. On top of the hardened paraffin the inner trough
was filled completely with distilled water prior to any assay of a spread. By means of a
tuberculin syringe and through a 26-gauge needle, two drops (0.019 ml.) of the heated Hyvac
oil were carefully placed on the water surface. The ensuing "oil" film showed a jade-green
opalescence, especially when viewed from the side. By measurement of the resulting surface
tension with a tape tensiometer*, it was possible to ascertain that the tension ranged close
to 10 dynes per square cm., i.e. to the standard tension utilized in the experiments of Jones
and co-workers.
For each determination, precisely 0.1 ml. of the sample in petrol ether was pipetted unto
the piston oil film. Great care and practice were necessary to deliver this amount accurately
from the end part of a graduated 1 ml.-micropipette. These micropipettes were made especi-
ally and calibrated for our purposet. A rubber ball for suction and blowing was attached to
the upper end by means of a clean rubber tubing, about 2" long. After drawing up the sample
any liquid adherent to the outside of the tip was removed by adsorption with fat-free towel
paper and at the same time the volume of the sample was adjusted precisely to the mark.
The pipette was held vertically and 0.25" above the ifim. With the pipette in this position,
most of the sample was blown gently unto the surface of the film, while the last trace was
discharged by immersing the tip of the pipette very briefly and slightly beneath the film's
surface.
After ether evaporation, the remaining lipids formed a "monolayer"-film on the water
surface, displacing the piston oil film and being distinctly set off from the latter by sharp
edges and by the absence of any color. After less than one minute's spreading, equilibrium
existed between the two films—and the area of lipid spread was traced on a transparent glass
plate which rested on the edges of the trough. The outlines were traced again on onion skin
paper. These tracings were used for planimetric measurement of the area of spread.
At the beginning, some hundred assays were carried out in triplicate—i.e. spreading of
the sample, tracing of the spread and its planimetric measurement were carried out three
times for each specimen. After satisfactory conformity of the results was demonstrated, we
performed every step in duplicate instead of triplicate in the remainder of our experiments.
"Spreading Index" and "Fat Factor"
The amount of lipid used for each spreading test was known, since the lipid
concentration of the petrol ether solution was measured by gravimetric parallel
determination of each sample. Jones computed the amount of lipid (microgram,
or gamma) responsible for each unit (square cm.) of piston oil displacement and
* Weare indebted to Dr. Seymour Z. Lewin, Associate Professor of Chemistry, Washing-
ton Square College of Arts and Sciences, New York, N. Y., for advising us in this question.
f Made by Mr. 0. Kessler, E. Machlett & Son, New York, N. Y.
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GRAPH I. Spread of stearic acid on water
designated this aliquot as the "fat factor". Since this factor varies inversely
with the surface area covered by a given amount of lipid, it was thought less con-
fusing for the presentation of our results to use an index which denotes the extent
of spreading directly. Therefore, the number of cm2 making up the area of water
surface covered by one microgram (pg) of lipid in a sample was designated as
"spreading index" by our biostatistician (Dr. It. Freudenthal*).
Standard Controls
Prior to the assays of our samples from the skin surface—and at intervals also
throughout the course of this study—we assayed the spreading of different known
quantities of stearic acid (Graph I), of cholesterol and also of selected samples of
* We are indebted to Dr. R. R. Freudenthal, Statistical Consultant, Jaekson Heights,
N. Y., for the mathematical presentation and evaluation of our results.
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skin surface lipids—all dissolved in petroleum ether. Evidently, these determina-
tions were carried out to furnish a basis for the validity of the method and at the
same time to allow for comparison of our spreading values with those obtained by
Jones and collaborators.
Subjects, Sites, and Frequency of Examinations
After a reliable procedure had finally emerged from extensive preliminary
trials, a group of 13 apparently healthy individuals—eight males and five f e-
males—was subjected to the study. The age of the male subjects ranged from
23 to 38, and of the female subjects from 23 to 27 years. Two of the subjects were
Negroes, the others were white.
Four of both the males and the females were subjected to more than one
series of examinations—the number of the series varying from three to fourteen
per individual.
The use of soap or any other toilet article was avoided for a period of 48 to
96 or more hours prior to the collection of samples. The room in which the samples
were collected from the skin and in which the lipid spreading was performed was
air-conditioned—at a temperature of 70° to 800 F and a relative humidity be-
tween 40 and 55%.
Twenty-one different skin areas were used as standard test sites (see Graph
II). Great care was taken to make certain that analogous sites were tested in
every individual. A total of 724 single examinations has been executed thus far
—each combining the determinations of both surface spread and weight ("casual
level") of the lipids in a given area of healthy skin.
B. RESULTS
Results of Standard Assays
The surface spread obtained with our different dilutions (geometric series) of
either stearic acid (Graph I) or cholesterol was in satisfactory agreement with
the concentrations employed, and so was the extent of spreading produced by
different dilutions of one and the same ether collection from the skin surface. The
"spreading index" for stearic acid and cholesterol was 4.33 (cm.2/ig.), and 5.95,
respectively. The corresponding values of Jones and collaborators—computed
from the "fat factors" obtained by these authors—were 4.42, and 6.17; their
theoretically postulated values were 4.31 and 6.33. The spread, therefore, ob-
served under our conditions was somewhat less extensive than that obtained by
Jones et al.
Results Obtained on a Given Skin Area
Table I shows the findings obtained in lipid samples which were collected on
the mid upper back in a series of different subjects. It is at once apparent that
the spreading index showed considerable individual variations.
No correlation existed between the absolute quantities of the lipid amounts and the
extent of spreading. In some subjects the amount was great, but the spread poor
(subject N. C.), while in others the lipids were present in small quantity, but of
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TABLE I
Spreading index (cm2 area of water surface covered by one microgram of lipid) and weight
(casual level) of skin surface lipids collected in different individuals
on mid upper back
Subject Sex
No.
of
Assays
Spreading Index Casual Level
Mean Range Mean Range
S. S.
W. M.
W.S.
A. P.
N. S.
W.T.
S.F.
N. 0.
R.S.
M.R.
J.S.
L. H.
P.S.
F
M
M
M
F
M
F
F
M
M
F
M
M
4
3
6
5
3
1
1
3
1
1
3
5
1
cm'/,.&g.
3.3 2.9—3.7
3.3 2.6—3.7
3.3 2.8—3.8
2.9 2.6—3.1
2.9 2.4—4.0
2.6 —
2.6 —
2.0 1.7—2.2
1.8 —
1.6 —
1.6 1.6—1.7
1.6 1.3—1.8
1.3 —
tngm/20 cm' skin surface
3.0 2.7—3.8
2.4 1.8—3.1
2.0 1.3—2.6
1.5 1.4—2.2
4.3 3.6—4.8
1.7 —
2.9 —
3.6 2.7—4.2
1.8 —
1.2 —
2.2 2.1—2.4
2.0 1.5—2.4
2.0 —
General
Mean:2.5
Range: 1.3-4.0 General
Mean:2.3
Range: 1.3-4.8
considerable spreading ability (subject W. S.). Virtually equal quantities ob-
tained from the skin of different subjects caused widely different degrees of
spreading (W. S., L. H., P. S.), while in other instances different amounts showed
identical spreads (A. P., N. S.).
On the other hand, lipid specimens collected repeatedly from the same skin area in
one and the same subject slwwed relatively consistent spreading values. The shorter
the period—i.e. the lesser the number of days—between these collections per-
formed on identical sites, the more closely the spreading indices ranged around
the same value; as would be expected, there were usually less climatic variations
regarding temperature* and relative humidity during the shorter, than during
the longer periods of time.
Results Obtained in Different Skin Areas
The spreading ability not only differed for the lipids of a given site from one
subject to another, but differences were apparent also in the samples obtained
from different skin areas in one and the same individual. These differences were
similar in most of the test subjects. The average values are shown on Table II
and Graph II. A high spreading index, for example, prevailed for the lipids from
the forehead, mid upper chest, and the extremities (in particular the soles),
whereas low spreading values were usually obtained with the samples from the
* Further analysis of the influence of these variations of temperature and humidity will
be the object of a subsequent report.
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TABLE II
Average spreading index of lipids from different sites of 13 subjects with
apparently healthy skin
Test Area No. ofSubjects
No. of
Assays
Index
(Av.) Range
cm'/&g.
I. Forehead
a) Left 9 31 3.1 1.2—6.2
b) Mid 9 29 3.2 1.6—5.6
c) Right 9 31 3.0 1.2—5.3
II. Chest
1. At the level of the 3rd costo-chondral junction:
a) Left midclavicular line 10 29 2.9 1.4—4.8
b) Midsternum 10 27 3.0 1.5—5.9
c) Right midclavicular line 10 29 2.8 1.6—5.0
2. At the level of the 7th costo-chondral junction:
a) Left midclavicular line 10 29 2.7 0.7—5.9
b) Midsternal line 10 28 2.8 1.0—5.3
a) Right midclavicular line 10 29 2.9 1.2—5.6
III. Forearms, volar surface, upper 3rd:
a) Left 13 36 3.5 1.5—11.0
b) Right 13 37 3.3 1.4—10.0
IV. Back
1. At the level of T4:
a) Left midscapular line 13 37 2.4 1.1—4.2
b) Vertebral line 13 37 2.5 1.3—4.0
c) Right midscapular line 13 37 2.3 1.0-4.2
2. At the level of T9:
a) Left midseapular line 13 37 2.7 0.5—5.6
b) Vertebral line 13 32 2.4 0.9—6.2
a) Right midscapular line 13 37 2.2 0.6—5.3
V. Calve& upper 3rd:
a) Left 7 10 3.6 1.7—12.5
b) Right 7 10 4.1 2.0—12.5
VI. Soles, arch:
a) Left 6 7 4.8 2.4—11.0
b) Right 6 7 5.1 2.4—12.5
back. Hence, there was a characteristic pattern of the values for the different
test regions.
A few of the subjects, nevertheless, consistently showed certain deviations
from this pattern, i.e. they had a distribution "of their own". In two individuals,
for example, the spreading index was higher in the specimens from the back
than in those from the chest.
As is evident from the figures en Graph II and Table II, similar values were
obtained from symmetrically situated areas of the same individual. Here again,
certain exceptional subjects regularly showed a difference on symmetrical sites
in one region of the skin surface or another; this difference then was characteristic
for the individual, being consistent in direction and magnitude. Thus, in two of
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3.2
(1.6 - 5.6)
GRAPEr II. Average spreading index of lipids from different sites
healthy 8km.
the subjects the spreading index was invariably higher in the samples from one
forearm than in the samples from the other.
No differences were apparent thus far regarding sex or race.
Nor was there any consistent change noticeable in the values during the
menstrual period of our female subjects. As in our earlier studies and in contrast
to the observations of Schreuss (16), Hodgson-Jones (17) and Buckup and
Szakall (18), no decline in the lipid amounts ("casual level") was apparent during
menstruation.
C. DISCUSSION
Since the spreading index varied from one test subject to the other, and in
every subject from one skin region to another, it is obvious that under our experi-
mental conditions no standard value could have been used for measuring the lipid
quantities on the skin in general. There is, however, the possibility of establishing
a value applicable for calculating the lipid amounts from the spread in a series
of samples obtained in a given individual from one and the same skin area and
under strictly comparable conditions—in particular under similar climatic con-
ditions. With this qualification, our results would conform with those reported
by K. K. Jones and collaborators (2, 3).
3. 3
(1.4 -
3. 5
- ItO)
GENERAL MEAN AND RANGE
of 13 subjects with
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Apparently all the findings of these investigators were obtained in one skin
region, namely on the forearms (flexor aspects); the number of subjects used and
of tests applied were not specified.
When the lipid weight found by Jones et al. per square inch of water surface
is converted into the spreading index, a value of 5.4 is obtained. The correspond-
ing average value of our lipid samples from the forearms was 3.4. In oniy two of
all our test series did we obtain values as high as those observed by Jones and his
group. These high values were obtained in two different subjects.
Jones himself and Ramsay (5) found significant variations of the values in
samples collected under different conditions from their test site on the forearms;
more specifically, the spreading index increased after washing with soap and
water, but did not change after washing with water alone or with alcohol. They
explain this effect of soap by conversion of an adsorption layer of soap on the
skin into a layer of free fatty acids. For a mixture of fatty acids alone, in the
average proportion existing "in normal tissue", the same authors found that a
quantity ("fat factor") of 0.88 jzg., and for the fatty acids of soap a quantity of
0.74 g. covered one square inch of water surface. For the "multi-layer" forming
waxes of the skin surface, however, they calculated that as much as 2.5 to 4.0
gig. will be required to cover one square inch, and for the likewise multi-layer
forming triglycerides (sebum) they calculated an amount of 1.0 to 1.5 zg. "A
variable factor must mean a variation in the composition of the skin fat. A factor
below 1.0 indicates an increased amount of fatty acids, while a factor over 2.0
means an increase in the amount of triglycerides or waxes" (5).
Provided that further investigation substantiates Jones' working hypothesis
that in general the extent of spreading is indicative of the free fatty acid propor-
tion in the samples, the variations obtained by us in the spreading index from
individual to individual should be quite plausible, since previous investigators
observed considerable individual variations in the fatty acid proportion of the
skin surface lipids (7). Referring to the pertinent observations made by Zehen-
der (6), as well as by Hauser (19), Rothman emphasizes the crucial importance
of these natural individual differences for any comparative study of the behavior
of the fatty acid proportion on the skin of different subjects (8).
Lincke obtained different acid numbers not only from different subjects, but
also in specimens from four different skin regions in each of a small number of
individuals (7). His regional differences resemble the pattern of the spreading
index values obtained in our different test areas.
Investigations are in progress to ascertain whether or not the observed regional varia-
tions of the values are actually in first instance due to differences in the free fatty acid con-
centration. At this point, it is purely speculative to express any further comment as to
features of the lipid composition possibly at play in causing these variations.
It is generally accepted that the presence of free fatty acids on the skin is largely due to
enzymatic hydrolysis of esters. While lipolytic esterases are present physiologically inside
the skin structures, much lipolytic activity is attributable also to enzymes produced by the
microbial flora on the skin surface. The esters from which the fatty acids are liberated are
triglycerides contained in the sebaceous excretion—and perhaps also esters of sterols or
higher aliphatic alcohols such as are present in the waxy material which is preponderantly
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derived from the keratinizing epidermal cells. Whereas it is still debatable whether or not
under biological conditions the esters of wax alcohols may be a source of free fatty acids
(8, 20), it would be hardly justified to regard sebum as more prone than the waxy lipids to
yield products which increase the spreading index. This deserves all the more emphasis, as
cholesterol is an important admixture of the waxy portion; and free cholesterol—like the
fatty acids—spreads to a monolayer, thus causing the index to rise as the concentration
increases.
At first glance, the regional pattern of our spreading values may suggest an almost ex-
clusive dependence on the distribution of sebaceous glands, especially considering the high
values obtained for the forehead and mid upper chest— the areas of predilection for sebor-
rhoic dermatitis where sebaceous glands are abundant. The great spreading ability, how-
ever, of the lipids collected from the forearms and calves, and especially of those from the
soles refutes the validity of this conjecture.
Another physiologic product is delivered to the skin surface which must not be ignored
in this connection. This is the sweat delivered to the skin surface. Its distribution on the
skin is pertinent—not only because of its tendency to attract the lipids of epidermal origin
("horn wax"), as well as sebum and to undergo mutual emulsification with the surface
lipids (9, 10, 11, 12, 13, 14, 15), but also because of the importance of the resulting film for
microbial growth on the skin. Moisture, keratin swelling and elevation in pH are known to
favor the growth of many microorganisms in areas of intense sweating and slow evaporation.
Rapid evaporation, on the other hand, acidification, and the presence of certain fatty acids
are inhibitory to microbial growth, especially in areas where pilosebaceous openings are
relatively sparse (14, 21). In their aggregate, the variabilities found in our spreading values
suggest that these values tended to be high for areas where microbial growth is promoted
and/or where relatively large proportions of waxy material are present (see Graph II).
SUMMARY
1. The "monomolecular layer method" introduced by K. K. Jones for assaying
the quantity of lipids on the human skin surface was used in combination with
gravimetric determinations of the lipid quantity in a series of healthy individuals.
2. The "spreading index", i.e., the square centimeter area of water surface
covered by one microgram of lipid, differs for lipid samples collected from a
given skin area in different individuals.
3. In one and the same individual, the spreading index is relatively constant in
repeated lipid collections from one and the same site, when these are obtained
under strictly comparable conditions. In a test series of this kind, it may be
feasible to use the "monolayer method" for assays of the lipid quantities.
4. Different spreading values are obtained with samples from different skin
areas in one and the same subject. In most subjects, the ratio of these values
shows a similar pattern for the different areas tested. As a rule, similar values are
obtained in samples from symmetrically situated areas.
5. The variations in lipid composition possibly responsible for the differences
observed in different skin regions are discussed, in particular the probably de-
cisive variations in the proportion of free fatty acids.
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